A novel terphenyl diamine monomer, 4-[3,5-Bis(3-aminophenyl)benzophenone] phenyl 3,4,5-tris(decyloxy)benzoate (TerKetone) having three long-chain alkyl groups connected by phenylester and benzophenone linkages was synthesized via several step reactions from Gallic acid methyl ester. The novel polyimides and copolyimides were synthesized from 3,4'-ODPA as a dianhydride, TerKetone, and 4,4'-diaminodiphenylether (DDE) as a diamine co-monomer by two step polymerization systems. The thin films of obtained polyimides were irradiated by UV light (λ max; 254 nm), and the contact angles for the water decreased from near 100° (hydrophobicity) to near 40° (hydrophilicity) in proportion to irradiated UV light energy. From the result of surface analyses (ATR, XPS, AFM), it is recognized that the hydrophobic long-chain alkyl groups on the polyimide surface decrease and the hydrophilic groups such as hydroxyl groups and carboxyl groups generate on their surface. Furthermore, it was observed that the incorporation ratios of TerKetone in copolyimides affected the changes of wettability by UV light irradiation.
Introduction
Polyimides exhibit excellent thermal and mechanical properties, and have extensive engineering and microelectronics applications [1, 2] . Since conventional aromatic polyimides are insoluble, these polymers are usually processed as the corresponding soluble poly(amic acid) precursors, and then either thermally or chemically imidized. However, owing to the instability of poly(amic acid)s and the liberation of water in the imidization process, problems can arise. Extensive research has been carried out to improve the solubility of polyimides, and our research group has systematically investigated the synthesis and characterization of soluble polyimides based on aromatic diamines having long-chain alkyl groups [3] [4] [5] [6] [7] [8] . Our recent paper has described soluble polyimides having dendritic moieties on their side chain, and it was found that these polyimides were applicable for the vertically aligned nematic liquid crystal displays (VAN-LCDs) [9] .
Recently, the printed electronics technology, by which the conductive lines (circuit) can be printed onto the plastic substrate, has been investigated. Polyimide films are the most promising plastics for use in printed electronics because of their high thermal stability. Various approaches such as the use of repellent pore-structured polyimide films [10] , the surface energy controlled ink-jet printing with UV irradiation [11] , have been investigated to obtain the fine patterning. Recently, the authors also have investigated the surface wettability control of polyimides bearing long-chain alkyl groups by UV light irradiation [8, 12, 13] . The basic concept of these surface wettability controllable polyimides is shown in Figure 1 . In this paper, we report the synthesis and properties of the novel polyimides and copolyimides having long-chain alkyl groups based on a novel terphenyl diamine monomer, 4-[3,5-Bis(3-aminophenyl)benzophenon] phenyl 3,4,5-tris(decyloxy)benzoate (TerKetone) having three long-chain alkyl groups connected by phenylester and benzophenone linkages synthesized via several step reactions from Gallic acid methyl ester. It was found that the thin films of obtained polyimides were irradiated by UV light (λ max; 254 nm), and the surface wettability of these films changed from hydrophobicity to hydrophilicity in proportion to irradiated UV light energy. The polyimides bearing long-chain alkyl groups were synthesized from 3,4'-ODPA, as a tetracarboxycilic dianhydride, TerKetone, and DDE as a co-monomer (Scheme 2). Two step polymerization systems including poly(amic acid)s synthesis and chemical imidization were performed. The poly(amic acid)s were obtained by reacting the mixture of diamines with an equimolar amount of tetracarboxylic dianhydride at room temperature for 12h under argon atmosphere. The polyimides were obtained by chemical imidization at 120 ℃ in the presence of pyridine as a base catalyst and acetic anhydride as a dehydrating reagent. The experimental details are described in the previous papers [3] [4] [5] [6] [7] [8] [9] 12 , 13].
Scheme 2. Synthesis of polyimides bearing long-chain alkyl groups.
Measurement
1 H NMR spectra were measured on a JEOL JNM-AL400 FT NMR in CDCl 3 or dimethyl sulfoxide-d 6 with tetramethylsilane (TMS) as an internal reference. Size exclusion chromatography (SEC) measurements were performed in NMP containing 10 mM LiBr at 40 o C with a TOSOH HLC-8020 equipped with a TSK-GEL ALPHA-M using a series of polystyrenes as a standard. Thermogravimetric analysis (TGA) was performed on a Shimadzu TGA-50 in air or under nitrogen (50 mL/min), and 10% weight loss temperatures (Td 10 ) were calculated from the second heating scan after cooling from 250 o C. Differential scanning calorimeter (DSC) traces were measured on a Shimadzu DSC-60 under nitrogen and glass transition temperatures (Tg) were read at the midpoint of the heat capacity jump from the second heating scan.
Polyimide thin films were obtained as follows: 0.5-2.0 wt % polyimide solution in NMP were cast on glass substrates and the solution were slowly evaporated by heating at approximately 100-120 o C until the films were dried, then the films were dried in a vacuum oven at 100 o C for 12h. Water contact angles were measured by SImage mini (Excimer. Inc., Japan) and UV light irradiation were performed using a UV lamp unit (E50-254-270U-1, 254 nm, 6.0 mW/cm 2 , Excimer. Inc., Japan) and a cool plate (NCP-2215, NISSIN Laboratory equipment, Japan) adjusted at 25 o C that was used to neglect the effect of thermal degradation of polyimide films during UV irradiation process. IR (ATR) measurements were performed by JASCO FT/IR-470 with ATR PRO450-S (Ge prism). XPS measurements were carried out on an XPS-APEX (Physical Electronics Co. Ltd.) with an Al Kα X-ray source (150 W 
Results and Discussion

Synthesis of TerKetone
The synthetic strategy for TerKetone includes the several futures as follows. As a building block containing long-chain alkyl groups, we select Gallic acid substituted by long-chain alkyloxy groups that are expected to show the high hydrophobicity due to multiple long-chain alkyl groups. As a connecting group of Gallic acid having long-chain alkyl groups and an aromatic diamine, we select phenyl ester (phenyl benzoate) linkage that has the possibility to cause the photo reactions such as photo-Fries rearrangement and generate hydroxyl groups. Also, photo-sensitive benzophenone group is introduced to expect the promotion of photo reaction. General methods for the synthesis of diamine monomers include a reduction of corresponding dinitro precursor using a catalyst such as palladium on carbon (Pd/C). However, reduction reactions sometime gives by-products. In the case of TerKetone synthesis, a relatively clean reaction, Suzuki coupling reaction was applied, and the high reactive terphenyl diamine monomer was successfully synthesized.
General properties of polyimides
The obtained polyimides showed the good solubility in polymerization solvent, NMP. The molecular weights of obtained polyimides were measured by SEC (Mn; 4700~55600, in NMP/10mM LiBr calibrated with standard polystyrenes), and the all polyimides showed the good film forming ability. The thermal properties of these polyimides were estimated 163 by glass transition temperatures (Tg;  209~253 o C) and thermal degradation temperatures (Td 10 ; 373～ 526 o C), and these polyimides showed the good thermal stability. Both thermal stability and molecular weight were improved, when the concentration of TerKetone was low (TerKetone; 10 mol%). 
Surface wettability control by UV light irradiation on polyimide thin films
The polyimide thin films were irradiated by UV light (254 nm, 0, 2, 4, 6, 8 J), then the contact angles for the water were measured. Figure 2 shows the UV irradiation energy dependence of water contact angles of polyimide films based on 3,4'-ODPA/TerKetone/DDE polyimides and copolyimides. The water contact angle of polyimide films based on 3,4'-ODPA/DDE polyimides before UV irradiation is 84 o , while the contact angles of polyimides containing TerKetone are [90] [91] [92] [93] [94] [95] [96] [97] [98] o . This high hydrophobicity is certainly due to the hydrophobic property of long-chain alkyl groups. The above high water contact angles of polyimides bearing long-chain alkyl groups decreased from near 100° (hydrophobicity) to the minimum value, 40° (hydrophilicity) in proportion to irradiated UV light energy. It is considered that these changes of wettability of polyimides are mainly based on the photo-degradation or scission of long-chain alkyl groups and specific functional groups such as an ester group, and that the generation of the hydrophilic functional groups such as COOH and OH groups probably occurs. It is interesting that the changes of contact angles by UV irradiation are larger in the case of copolyimides containing smaller amounts of Terketone (TerKetone; 20 mol%, 10 mol%). On the other hand, the water contact angle of 3,4'-ODPA/DDE polyimide also decreases after UV light irradiation, therefore, the generation of hydrophilic groups on polymer main chains possibly occurs to some extent. Consequently, it is predicted that the hydrophobicity is maintained by "concentration effect" that a large amounts of long-chain alkyl groups cover the top surface of polyimides, even if the hydrophilic groups are formed on the surface of polyimides by UV irradiation, in the case that the concentration of the long-chain alkyl groups is larger (TerKetone; 50 mol%, 100 mol%). This speculation is illustrated in Figure 3 . In the case of ATR measurements, the penetraton depth of a beam of infrared light into the sample is typically between 0.5 and 2 µm. Therefore, the above ATR analysis does not reflect the chemical composition of the film top surface. The intensive surface analyses were examined using XPS and AFM. The generation of hydrophilic moieties were analyzed in detail by XPS narrow scans of C 1s , and the chemical shifts due to C-O and C=O bonds clearly increase after UV light irradiation ( Figure  5 ). In addition, the information of the chemical composition of film top surface was obtained by examining the angular dependence of XPS (take-off angles; 45 deg, 30 deg, 15 deg). Consequently, it is observed that the peaks based on C-C bonds more decrease in the case of low TerKetone concentration (10 mol%) after UV irradiation on the film top surface (take-off angle; 15 deg). These measurements support the estimation illustrated in Figure 3 . The surface nm size micro roughnesses probably based on long-chain alky groups was observed by AFM analysis (Figure 6 ). However, the changes of these micro roughnesses after UV light irradiation were not recognized. Thus, the changes of surface 
Conclusion
The thin films of polyimides bearing three long-chain alkyl groups were irradiated by UV light, and the contact angles for the water decreased from near 100° (hydrophobicity) to near 40° (hydrophilicity) in proportion to irradiated UV light energy. From the result of surface analyses, it is recognized that the hydrophobic long-chain alkyl groups on the polyimide surface decrease and the hydrophilic groups generate on their surface. The changes of wettability by UV irradiation were larger in the case of copolyimides containing smaller amounts of long-chain alkyl groups (TerKetone; 20 mol%, 10 mol%). It can be presumed that this phenomena is based on the "concentration effect" that the larger amounts of long-chain alkyl groups cover the top surface of polyimides and XPS analysis supports this effect. Practically, the reduction of the amounts of special monomer, Terketone is the great merit.
The fine tuning of dimaine monomer structures, the addition of photo acid generator, the variation of hydrophobic groups, the elucidation of mechanism of the photo reactions are now under investigation.
